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Public Class Interfaces

This documentcontainsan inventoryof the public memberfunctionsfor eachof the
FEL classes,it is intendedto helptheuseranswerthequestion:

What member functions can I call for an object of a particular class?

For new usersof FEL, andevensomeexperienceusersof FEL, theanswerto thisques-
tionmayoccasionallybenon-obvious.TheC++inheritancehierarchiesfor meshesand
fieldsarerelatively deep,6 or 7 levelsin many cases,thustherewould bemany places
to searchin order to answerthe question. Furthermore,the classesthat the userin-
stantiatesareoftenleavesin thehierarchytree,while mostmethodsareinheritedfrom
classescloserto theroot. Thisdocumentprovides“onestopshopping”if oneis seeking
amemberfunctionsummary.

Therearesomeotherquestionsthat the usermay have that this documentis not
intendedto answer. For instance:

Where in the class hierarchy is a particular function implemented?

In generaltheusershouldnothaveto concernhimselfor herselfwith whereaparticular
memberfunction is implemented(or reimplemented)in theFEL classhierarchies.If
one doesneedto know, the placeto go is the FEL sourceitself. The FEL release
containsanHTML file for eachFEL headerfile. Thelinks in thehypertext files make
traversingtheclasshierarchiesrelatively painless.

Anotherquestionthatis answeredelsewhereis:

How is a particular member function used?

To avoid having thisdocumentgrow largerthanit alreadyis, wehavekeptthedescrip-
tionsassociatedwith eachmemberfunctionbrief. Long descriptions,for examplefor
the field memberfunctionat cell, would get repeatedmany times,andthis docu-
mentcouldexpandto telephonebooksize.TheUserGuideis abetterplaceto look for
discussionon how memberfunctionsareintendedto beused.
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Userswho like to learnby writing programsmayask:

What is an example usage of a particular member function?

Theplaceto look for ananswerto thisquestionis theFEL primer, or perhapstheUser
Guide.Theprimercontainsovera dozenexamplesdemonstratingbasicaspectsof the
library. TheUserGuidecontainsexamplesandtext onhow thefunctionscanbeused.
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Class: FEL absolute value field<TO, FROM>

Description:
Derivedfield returningabsolutevaluesof its componentfield.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field1 �
FEL absolute value field.

Public Member Functions:
FEL absolute value field(FEL pointer<

FEL typed field<FROM> > f, char* nm = "abso-
lute value field");

Constructthisbuilt-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL absolute value field<float, float>

FEL absolute value of float field;
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Class: FEL axis

Description:

Public Member Functions:
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Class: FEL axis aligned mesh

Description:
FEL axis alignedmeshrepresentsstructuredmesheswherethe cells arealigned
with thecoordinateaxes.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL axis aligned mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.
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int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
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int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL bitvector

Description:
TheFEL bitvectorclassrepresents—youguessedit—a bitvector.

Public Member Functions:
FEL bitvector(int lo, int hi);
FEL bitvector(const FEL bitvector&);

Constructa bitvectorwhosebits canbeaccessedby theindiceslo .. hi.

˜FEL bitvector();
Destructabitvector.

bool lookup(int);
void put(int);
void del(int);
void toggle(int);
void complement();

Twiddle thebitvectorbits.

int n() const;
Returnthenumberof bits represented.

FEL bitvector& operator&=(const FEL bitvector&);
FEL bitvector& operator|=(const FEL bitvector&);
FEL bitvector& operator-=(const FEL bitvector&);
FEL bitvector& operatorˆ=(const FEL bitvector&);

Apply thebitwiseoperatoroverall thecorrespondingbits in thebitvector.

int operator==(const FEL bitvector& rhs);
int operator!=(const FEL bitvector &rhs);

Testfor equalityof all thebits of rhs.

int operator<=(const FEL bitvector& rhs);
int operator>=(const FEL bitvector& rhs);

Testif thebits of thisareasubset(<=) or superset(>=) of rhs.

int card();
Returnthenumberof bitscurrentlyset.

void reset();
Twiddle thebitvectorbits.
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Class: FEL cached field<T>

Description:
A wrapperfield which cachesnodequeryresultson anotherfield, andsatisfiesre-
peatedrequestsfrom its cache.FEL cachedfield allocatesa corefield’s worth of
memoryupfront for itspotentialstorageneeds(comparewith FEL hashcachedfield).

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL cached field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.
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int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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Typedefs:
FEL cached field<float>

FEL cached float field;

FEL cached field<FEL plot3d q>
FEL cached plot3d q field;

FEL cached field<FEL vector3f>
FEL cached vector3f field;
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Class: FEL cell

Description:
TheFEL cell classrepresentscellsin FEL.

Public Member Functions:
FEL cell();
FEL cell(FEL cell type enum t);
FEL cell(FEL cell type enum t, int i, int j, int k);
FEL cell(const FEL cell& c, FEL cell type enum t);
FEL cell(const FEL cell& c, FEL cell type enum t, short

si);
FEL cell(FEL cell type enum t, short si, const

FEL vector3i& i, int z, const FEL time& ti);
Initialize anFEL cell.

FEL cell type enum get type() const;
void set type(FEL cell type enum t);
short get subid() const;
void set subid(short si);
FEL vector3i get ijk() const;
int get ijk(int i) const;
void set ijk(const FEL vector3i& i);
void set ijk(int i, int j, int k);
int& operator[](int i);
const int& operator[](int i) const;
int get unstructured id() const;
void set unstructured id(int i);
int get zone() const;
void set zone(int z);

Accessthecell datamembers.

float get physical time() const;
float get computational time() const;
int get time step() const;
FEL time get time() const;
void set time(const FEL time& t);
void set physical time(float t);
void set computational time(float t);
void set time step(int t);
void set time undefined();

Accessthetimerepresentation.

friend ostream& operator<<(ostream&, const FEL cell&);
Outputacell representationto anostream.

int get dim() const;
Getthedimensionof thecell.

int get n nodes() const;
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int get n vertices() const;
Getthenumberof nodes,or thenumberof vertices.

bool simplicial() const;
Returntrueif thecell is a vertex, edge,triangleor tetrahedron.

friend bool operator==(const FEL cell& lhs, const
FEL cell& rhs);

friend bool operator!=(const FEL cell& lhs, const
FEL cell& rhs);

Testtwo cellsfor equalityby comparingcorrespondingdatamembers.
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Class: FEL cell interpolant

Description:
An FEL cell interpolantcontainspubliccell andinterpolantdatamembers.

Public Member Functions:
friend ostream& operator<<(ostream&, const

FEL cell interpolant&);
Write to anostream.
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Class: FEL cell iter

Description:
A classfor iteratingovervarioustypesof cells.

Public Member Functions:
bool done() const;

Testwhethertheiteratoris done.

friend bool operator!=(const FEL cell iter& lhs, const
FEL cell iter& rhs);

Compareaniteratorwith aniteratorinitializedby end().

const FEL cell& operator*();
Dereferencetheiterator.

void operator++();
void operator++(int);

Incrementtheiterator.

int get zone();
void set zone(int zn);

Accessthecell zone.

void set physical time(float pt);
void set computational time(float ct);
FEL time get time();

Accessthetime of thecell.

int card() const;
Returnthenumberof cellsthatthis iteratoris initialized to produce(notsupported
if theiteratoris initialized to loopovermulitiple zones).

void set time(const FEL time& t);
void set time step(int t);

Accessthetime of thecell.
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Class: FEL component field<TO, FROM>

Description:
Derivedfield returningtheresultof the[] operatoronits componentfield. Typically
usedto retrieve thei’ th componentof a vector.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field1 �
FEL component field.

Public Member Functions:
FEL component field(FEL pointer< FEL typed field<FROM> >

f, int c, char* nm = "FEL component field");
Constructthis built-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL component field<float, FEL plot3d q>

FEL component of plot3d q field;

FEL component field<float, FEL vector3f>
FEL component of vector3f field;
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Class: FEL constant field<T>

Description:
A field which returnsthesame(constant)valuefrom all locations.Usefulfor scal-
ing operations,or otheralgebraicmanipulationson fields, usingthe derivedfield
facility.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL constant field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.
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int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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Typedefs:
FEL constant field<float>

FEL constant float field;

FEL constant field<FEL matrix33f>
FEL constant matrix33f field;

FEL constant field<FEL vector3f>
FEL constant vector3f field;
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Class: FEL core field<T>

Description:
A field whosenodevaluesresidein memory(in contrastto a derived field, for
which valuesaregeneratedonly on demand).

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL core field.

Public Member Functions:
FEL core field(FEL mesh ptr, T*, char* = "core field");
FEL core field(FEL mesh ptr, T*, bool, char* =

"core field");
FEL core field(FEL mesh ptr, FEL pointer<

FEL core field<T> >, char* = "shared core field");
Threeoptionsfor constructingacorefield.

int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.
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FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
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Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL core field<float>

FEL core float field;

FEL core field<FEL plot3d q>
FEL core plot3d q field;

FEL core field<FEL vector3f>
FEL core vector3f field;
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Class: FEL cross field<TO, FROM1, FROM2>

Description:
Derivedfield returningthecrossproductof its componentfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2 �
FEL cross field.

Public Member Functions:
FEL cross field(FEL pointer< FEL typed field<FROM1> >

f1, FEL pointer< FEL typed field<FROM2> > f2, char* nm
= "cross field");

Constructthisbuilt-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL cross field<FEL vector3f, FEL vector3f,

FEL vector3f>
FEL cross of vector3f field;
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Class: FEL curl field1<TO, FROM>

Description:
Classsupportingfirst-orderaccurateestimationof curl.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field1 �
FEL curl field1.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
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Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Typedefs:
FEL curl field1<FEL vector3f, FEL vector3f>

FEL curl of vector3f field1;
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Class: FEL curl field2<TO, FROM>

Description:
Classsupportingsecond-orderaccurateestimationof curl..

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field2 �
FEL curl field2.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
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Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Typedefs:
FEL curl field2<FEL vector3f, FEL vector3f>

FEL curl of vector3f field2;
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Class: FEL curl interpolator<TO, FROM>

Description:
This classcalulatesthecurl by first-orderaccuratemethods,gettingthenecessary
derivativesby analyticdifferentiationof eitherisoparametricor physicalspacein-
terpolationpolynomials.

Inheritance Hierarchy:
FEL derivative interpolator �
FEL curl interpolator.

Public Member Functions:
int interpolate(const FEL interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TOO[])=0;
Interfacefor derivative interpolationon a tetrahedron.

int interpolate(const FEL interpolant*, const
FEL mesh*, const FEL cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,
const FROM&, const FROM&, TOO[])=0;

Interfacefor derivative interpolationon a hexahedron.

int interpolate(const FEL vector3f&, const
FEL interpolant*, const FROM&, const FROM&, const
FROM&, const FROM&, TO*);

Calculatethecurl at an interior point (physicalcoords,in FEL vector3f) of a
tetrahedron,whosenodevaluesarespecifiedby theFROM’s,accordingto interpo-
lationschemespecifiedby theFEL interpolant, andput answerin TO*.

int interpolate(const FEL vector3f&, const
FEL interpolant*, const int&, const FROM&, const
FROM&, const FROM&, const FROM&, const FROM&, const
FROM&, const FROM&, const FROM&, TO*);

Calculatethecurl at an interior point (physicalcoords,in FEL vector3f) of a
hexahedron,whosenodevaluesarespecifiedby theFROM’s,accordingto interpo-
lationschemespecifiedby theFEL interpolant, andput answerin TO*.

int interpolate(const FEL interpolant*, const FROM&,
const FROM&, const FROM&, const FROM&, TO[]);

Calculatethecurl atall verticesof a tetrahedron,accordingto interpolationscheme
specifiedby FEL interpolant, andputanswersin TO[].

int interpolate(const FEL interpolant*, const
FEL mesh*, const FEL cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,
const FROM&, const FROM&, TO[]);

Calculatethecurl atall verticesof ahexahedron,accordingto interpolationscheme
specifiedby FEL interpolant, andputanswersin TO[].



39

Class: FEL curvilinear mesh

Description:
FEL curvilinearmeshis an abstractclassthat is the parentto all the curvilinear
meshsubclasses.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.
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int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
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int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL curvilinear mesh time series layout

Description:

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh �
FEL curvilinear mesh time series layout.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.
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int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
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int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL curvilinear mesh xyz layout

Description:
FEL curvilinearmeshxyz layoutrepresentscurvilinearmesheswherethecoordi-
natesarestoredin anFEL vector3farray, andIBLANK valuesareall assumedto
be1.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh �
FEL curvilinear mesh xyz layout.

Public Member Functions:
FEL curvilinear mesh xyz layout(int d0, int d1, int

d2, FEL vector3f* xyz, const char* nm = "curvilin-
ear mesh xyz layout");

Constructa curvilinearmeshwith dimensionsd0, d1 andd2. Usethe xyz buffer
for coordinatesdata.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;
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Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.



47

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL curvilinear mesh xyzi field layout

Description:
FEL curvilinearmeshxyzi field layout representscurvilinear mesheswhere the
coordinatesandIBLANK valuescomefrom thefield providedatconstructiontime.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh �
FEL curvilinear mesh xyzi field layout.

Public Member Functions:
FEL curvilinear mesh xyzi field layout(int d0, int d1,

int d2, FEL vector3f and int field ptr f, const char*
nm = "curvilinear mesh xyzi field layout");

Constructa curvilinearmeshwith dimensionsd0, d1 andd2. Consultfield f for
coordinateandIBLANK data.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.
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bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;
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int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL curvilinear mesh xyzi layout

Description:
FEL curvilinearmeshxyzi layout representscurvilinearmesheswherethe coor-
dinatesandIBLANK valuesarestoredin anFEL vector3fand int array.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh �
FEL curvilinear mesh xyzi layout.

Public Member Functions:
FEL curvilinear mesh xyzi layout(int d0, int d1, int d2,

FEL vector3f and int* xyzi, const char* nm = "curvi-
linear mesh xyzi layout");

Constructa curvilinearmeshwith dimensionsd0, d1 andd2. Usethexyzi buffer
for coordinatesandIBLANK data.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.
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bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;
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int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL curvilinear surface mesh

Description:
FEL curvilinearsurfacemeshclassis usedto representsurfacesin 3-space.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh �
FEL curvilinear surface mesh.

Public Member Functions:
FEL curvilinear surface mesh(int, int, FEL vector3f*,

const char* = name default);
FEL curvilinear surface mesh(int, int, int,

FEL vector3f*, const char* = name default);
FEL curvilinear surface mesh(int, int,

FEL vector3f and int*, const char* = name default);
FEL curvilinear surface mesh(int, int, int,

FEL vector3f and int*, const char* = name default);
Constructa curvilinearsurfacemesh.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
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bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;
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Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
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Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL derivative interpolator<TO, FROM>

Description:
Abstractbaseclassfor the”derivative interpolators”,whichactuallyapplythevar-
iousfirst-orderdifferentialoperators.

Public Member Functions:
int interpolate(const FEL interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TO[])=0;
Interfacefor derivative interpolationon a tetrahedron.

int interpolate(const FEL interpolant*, const
FEL mesh*, const FEL cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,
const FROM&, const FROM&, TO[])=0;

Interfacefor derivative interpolationon a hexahedron.
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Class: FEL derived field<TO>

Description:
Purevirtual baseclassfor derivedfields

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.
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void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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Class: FEL difference field<TO, FROM1, FROM2>

Description:
Derivedfield returningthedifferencebetweenits componentfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2 �
FEL difference field.

Public Member Functions:
FEL difference field(FEL pointer< FEL typed field<FROM1>

> f1, FEL pointer< FEL typed field<FROM2> > f2, char*
nm = "difference field");

Constructthisbuilt-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL difference field<float, float, float>

FEL difference of float field;

FEL difference field<FEL vector3f, FEL vector3f,
FEL vector3f>
FEL difference of vector3f field;
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Class: FEL differential operator field<TO, FROM>

Description:
Baseclassfor differentialoperatorfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
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Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL differential operator field1<TO, FROM>

Description:
Baseclassfor first-orderdifferentialoperatorfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field1.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.



67

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL differential operator field2<TO, FROM>

Description:
Baseclassfor second-orderdifferentialoperatorfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field2.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.
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FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL divergence field1<TO, FROM>

Description:
Classsupportingfirst-orderaccurateestimationof divergence.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field1 �
FEL divergence field1.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
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Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Typedefs:
FEL divergence field1<double, FEL vector3d>

FEL divergence of vector3d field1;

FEL divergence field1<float, FEL vector3f>
FEL divergence of vector3f field1;
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Class: FEL divergence field2<TO, FROM>

Description:
Classsupportingsecond-orderaccurateestimationof divergence.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field2 �
FEL divergence field2.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
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Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Typedefs:
FEL divergence field2<double, FEL vector3d>

FEL divergence of vector3d field2;

FEL divergence field2<float, FEL vector3f>
FEL divergence of vector3f field2;
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Class: FEL divergence interpolator<TO, FROM>

Description:
Thisclasscalulatesthedivergenceby first-orderaccuratemethods,gettingthenec-
essaryderivatives by analytic differentiationof either isoparametricor physical
spaceinterpolationpolynomials.

Inheritance Hierarchy:
FEL derivative interpolator �
FEL divergence interpolator.

Public Member Functions:
int interpolate(const FEL interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TOO[])=0;
Interfacefor derivative interpolationon a tetrahedron.

int interpolate(const FEL interpolant*, const
FEL mesh*, const FEL cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,
const FROM&, const FROM&, TOO[])=0;

Interfacefor derivative interpolationon a hexahedron.

int interpolate(const FEL vector3f&, const
FEL interpolant*, const FROM&, const FROM&, const
FROM&, const FROM&, TO*);

Calculatethedivergenceataninteriorpoint(physicalcoords,in FEL vector3f)
of a tetrahedron,whosenodevaluesare specifiedby the FROM’s, accordingto
interpolationschemespecifiedby the FEL interpolant, and put answerin
TO*.

int interpolate(const FEL vector3f&, const
FEL interpolant*, const int&, const FROM&, const
FROM&, const FROM&, const FROM&, const FROM&, const
FROM&, const FROM&, const FROM&, TO*);

Calculatethedivergenceataninteriorpoint(physicalcoords,in FEL vector3f)
of a hexahedron,whosenodevaluesare specifiedby the FROM’s, accordingto
interpolationschemespecifiedby the FEL interpolant, and put answerin
TO*.

int interpolate(const FEL interpolant*, const FROM&,
const FROM&, const FROM&, const FROM&, TO[]);

Calculatethedivergenceat all verticesof a tetrahedron,accordingto interpolation
schemespecifiedby FEL interpolant, andput answersin TO[].

int interpolate(const FEL interpolant*, const
FEL mesh*, const FEL cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,
const FROM&, const FROM&, TO[]);

Calculatethedivergenceat all verticesof a hexahedron,accordingto interpolation
schemespecifiedby FEL interpolant, andput answersin TO[].
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Class: FEL dot field<TO, FROM1, FROM2>

Description:
Derivedfield returningtheinneror ”dot” productof its componentfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2 �
FEL dot field.

Public Member Functions:
FEL dot field(FEL pointer< FEL typed field<FROM1> > f1,

FEL pointer< FEL typed field<FROM2> > f2, char* nm =
"dot field");

Constructthisbuilt-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;



78

bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL dot field<float, FEL vector3f, FEL vector3f>

FEL dot of vector3f field;
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Class: FEL edge vertices

Description:
FEL edgeverticesis usedto representthe2 integervertex indicesof anedge.The
classis usedby FEL unstructuredmesh.

Inheritance Hierarchy:
FEL vector2i �
FEL edge vertices.

Public Member Functions:
FEL edge vertices(int v0, int v1);

Initialize.

friend unsigned FEL hash(const FEL edge vertices& ev);
Returna cheaphash.
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Class: FEL field

Description:
Purevirtual baseclassfor all fields.This classprovidesa commoninterfaceto the
underlyingmesh;andalsodeclaresvariousfield ”type informationfunctions”that
aredefinedby its subclasses.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
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Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL fixed interval time series field<T>

Description:
FEL fixed interval time seriesfield representstime-varyingfieldswherethereis a
fixedtime interval betweeneachpairof consecutive timesteps.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL time varying field �
FEL time series field �
FEL fixed interval time series field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.
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int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

FEL pointer< FEL typed field<T> > get field(int t);
Getthefield associatedwith a timestept.

bool load(int);
bool load all();
void unload(int);
void unload all();
void unload least recently used();
void set working set size(int);
void set verbose(bool b);
void show working set(ostream&);

Managetheworkingsetdirectly.

bool is time series field() const;
Returntrue.
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int get n time steps() const;
Returnthenumberof time stepsin thetimeseries.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL fixed interval time series field<float>

FEL fixed interval time series float field;

FEL fixed interval time series field<FEL plot3d q>
FEL fixed interval time series plot3d q field;

FEL fixed interval time series field<FEL vector3f and int>
FEL fixed interval time series vector3f and int field;

FEL fixed interval time series field<FEL vector3f>
FEL fixed interval time series vector3f field;
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Class: FEL fixed interval time series plot3d field

Description:
Field managerfor onetypeof unsteadyfield.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL plot3d field �
FEL fixed interval time series plot3d field.

Public Member Functions:
FEL fixed interval time series plot3d field(char*, int,

FEL plot3d filename callback, void*, float, float,
unsigned = 0);

FEL fixed interval time series plot3d field(FEL mesh ptr,
int, FEL plot3d filename callback, void*, float,
float, unsigned = 0);

createsafield ”manager”for anunsteadyfield.

FEL mesh ptr get mesh();
FEL plot3d q field ptr get q field();
FEL plot3d density momentum field ptr

get density momentum field();
FEL vector3f field ptr get momentum field();
FEL float field ptr get density field();
FEL float field ptr get energy field();

Retrievemesh,or PLOT3D primitivefields.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL float field ptr make float field(FEL float field enum);
FEL vector3f field ptr make vector3f field(FEL vector3f field enum);

Requesta derived float field or vectorfield from the manager. The completelist
of enumscanbe found in the FEL UserGuide,in FEL plot3d field.h, or
thePLOT3D User’s Manual(asPLOT3D ”function numbers”,which canbeused
directly.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types

void set(const FEL set keyword enum, int);
Setanoptionon meshor any field associatedwith themanager.
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Class: FEL globus remote field<T>

Description:

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL globus remote field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;
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Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL globus remote field<float>

FEL globus remote float field;
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FEL globus remote field<FEL plot3d q>
FEL globus remote plot3d q field;

FEL globus remote field<FEL vector3f>
FEL globus remote vector3f field;
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Class: FEL globus remote mesh

Description:

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL globus remote mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.
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int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
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int coordinates and iblank at vertex cell(const
FEL vertex cell&, FEL vector3f and int*) const;

AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL gradient field1<TO, FROM>

Description:
Classsupportingfirst-orderaccurateestimationof gradients.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field1 �
FEL gradient field1.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
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Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Typedefs:
FEL gradient field1<FEL vector3f, float>

FEL gradient of float field1;
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Class: FEL gradient field2<TO, FROM>

Description:
Classsupportingsecond-orderaccurateestimationof gradients.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL differential operator field �
FEL differential operator field2 �
FEL gradient field2.

Public Member Functions:
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, TO*);
int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
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Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Typedefs:
FEL gradient field2<FEL vector3f, float>

FEL gradient of float field2;
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Class: FEL gradient interpolator<TO, FROM>

Description:
This classcalulatesgradientsby first-orderaccuratemethods,getting the neces-
saryderivativesby analyticdifferentiationof eitherisoparametricor physicalspace
interpolationpolynomials.

Inheritance Hierarchy:
FEL derivative interpolator �
FEL gradient interpolator.

Public Member Functions:
int interpolate(const FEL interpolant*, const FROM&,

const FROM&, const FROM&, const FROM&, TOO[])=0;
Interfacefor derivative interpolationon a tetrahedron.

int interpolate(const FEL interpolant*, const
FEL mesh*, const FEL cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,
const FROM&, const FROM&, TOO[])=0;

Interfacefor derivative interpolationon ahexahedron.

// the;
according to interpolation scheme specified by the ///

FEL interpolant, and put answer in;
Calculatethe gradientat an interior point (physicalcoords,in FEL vector3f)
of a hexahedron,whosenodevaluesarespecifiedby

int interpolate(const FEL vector3f&, const
FEL interpolant*, const FROM&, const FROM&, const
FROM&, const FROM&, TO*);

Calculatethe gradientat an interior point (physicalcoords,in FEL vector3f)
of a tetrahedron,whosenodevaluesare specifiedby the FROM’s, accordingto
interpolationschemespecifiedby the FEL interpolant, and put answerin
TO*.

int interpolate(const FEL vector3f&, const
FEL interpolant*, const int&, const FROM&, const
FROM&, const FROM&, const FROM&, const FROM&, const
FROM&, const FROM&, const FROM&, TO*);

Calculatethe gradientat an interior point (physicalcoords,in FEL vector3f)
of a hexahedron,whosenodevaluesarespecifiedby

int interpolate(const FEL interpolant*, const FROM&,
const FROM&, const FROM&, const FROM&, TO[]);

Calculatethe gradientat all verticesof a tetrahedron,accordingto interpolation
schemespecifiedby FEL interpolant, andput answersin TO[].

int interpolate(const FEL interpolant*, const
FEL mesh*, const FEL cell&, const FROM&, const FROM&,
const FROM&, const FROM&, const FROM&, const FROM&,
const FROM&, const FROM&, TO[]);

Calculatethe gradientat all verticesof a hexahedron,accordingto interpolation
schemespecifiedby FEL interpolant, andput answersin TO[].
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Class: FEL hash cached field<T>

Description:
A wrapperfield which cachesnodequeryresultson anotherfield, andsatisfiesre-
peatedrequestsfrom its cache.FEL hashcachedfield usesa dynamicallycreated
hashtablefor its storageneeds(comparewith FEL cachedfield).

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL hash cached field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.
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int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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Typedefs:
FEL hash cached field<float>

FEL hash cached float field;

FEL hash cached field<FEL vector3f>
FEL hash cached vector3f field;
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Class: FEL hash dict<KEY, VALUE>

Description:
FEL hashdict representsadictionarydatastructureusingahashtable.

Public Member Functions:
FEL hash dict(int n);

Initialize a hashtableof sizen

bool lookup(const KEY&, VALUE*);
bool lookup(const KEY&, KEY*, VALUE*);
void put(const KEY&, const VALUE&);
void del(const KEY&);

Accesstablevalues

int card();
Returnthenumberof itemsin thetable
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Class: FEL hexahedral isoparametric interpolant

Description:
Supportsisoparametricinterpolationon hexahedra.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant �
FEL isoparametric 3D interpolant �
FEL hexahedral isoparametric interpolant.

Public Member Functions:
FEL hexahedral isoparametric interpolant(const

FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&);

Constructtheinterpolantwith theeightverticesof a hexahedron.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionsonmany systems.

int physical to computational coords(const
FEL vector3d&, double&,double&,double&, double
tol=1e-6);

Convertsphysicalcoordinates(input asFEL vector3d&) into local computa-
tional coordinates,returnedin the double&’s. The conversionusesNewton-
Raphsoniteration,with toleratederror< tol. Returns0 if noconvergence.

int inverse jacobian(FEL matrix33d&, double, double,
double);

Calculatethe inverseof theJacobianmatrix at the locationspecifiedby thedou-
bles,andreturnit in theFEL matrix33d&.

int inverse jacobian t(FEL matrix33d&, double, double,
double);

Calculatetheinverseof thetransposeof theJacobianmatrix at the locationspeci-
fiedby thedoubles,andreturnit in theFEL matrix33d&.

bool is hexahedral isoparametric() const;
Returntrue.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
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bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL hexahedral physical interpolant

Description:
Supportfor physicalspaceinterpolationonhexahedra.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL physical interpolant �
FEL hexahedral physical interpolant.

Public Member Functions:
FEL hexahedral physical interpolant(const FEL vector3f&,

const FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&, const
FEL vector3f&);

Constructtheinterpolantwith theeightverticesof a hexahedron.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionsonmany systems.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL interpolant

Description:
Abstractbaseclassfor all interpolants.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionson many systems.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL interpolate then map derived field1<TO, FROM>

Description:
Derivedfield built on onecomponentfield, which performsinterpolationprior to
derivation.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field1 �
FEL interpolate then map derived field1.

Public Member Functions:
FEL interpolate then map derived field1(FEL pointer<

FEL typed field<FROM> >, int (*)(const
FEL solution globals&, const FROM*, void*, TO*),
void*, char* = "interpolate then map derived field1");

Constructaderivedfield with onecomponentfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
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bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL interpolate then map derived field2<TO, FROM1, FROM2>

Description:
Derivedfield built on two componentfields,which performsinterpolationprior to
derivation.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2 �
FEL interpolate then map derived field2.

Public Member Functions:
FEL interpolate then map derived field2(FEL pointer<

FEL typed field<FROM1> >, FEL pointer<
FEL typed field<FROM2> >, int (*)(const
FEL solution globals&, const FROM1*, const
FROM2*, void*, TO*), void*, char* = "interpo-
late then map derived field2");

Constructa derivedfield with two componentfields.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
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Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;
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Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL interpolate then map derived field3<TO, FROM1, FROM2,
FROM3>

Description:
Derivedfield built on threecomponentfields,whichperformsinterpolationprior to
derivation.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field3 �
FEL interpolate then map derived field3.

Public Member Functions:
FEL interpolate then map derived field3(FEL pointer<

FEL typed field<FROM1> >, FEL pointer<
FEL typed field<FROM2> >, FEL pointer<
FEL typed field<FROM3> >, int (*)(const
FEL solution globals&, const FROM1*, const FROM2*,
const FROM3*, void*, TO*), void*, char* = "interpo-
late then map derived field3");

Constructaderivedfield with threecomponentfields.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.
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int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.
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int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL interpolator<T>

Description:
Classproviding interpolationfunctionson variouscell types.

Public Member Functions:
FEL interpolator();

Constructa genericinterpolator.

int interpolate(const FEL vector3f&, const
FEL interpolant*, const T&, const T&, const T&, const
T&, T*);

int interpolate(const FEL vector3f&, const
FEL interpolant*, const T&, const T&, const T&, const
T&, const T&, T*);

int interpolate(const FEL vector3f&, const
FEL interpolant*, const T&, const T&, const T&, const
T&, const T&, const T&, T*);

int interpolate(const FEL vector3f&, const
FEL interpolant*, const int&, const T&, const T&,
const T&, const T&, const T&, const T&, const T&,
const T&, T*);

Interpolateon a cell with numberof (const T) nodes,accordingto method
specifiedin theprovidedFEL interpolant.

int bilinear interpolate(double, double, const T&,
const T&, const T&, const T&, T*);

Bilinear interpolationon anorthonormalquadrilateral,with nodevaluesspecified
by theincomingT’s,at locationindicatedby theincomingpair of doubles.

int trilinear interpolate(double, double, double, const
T&, const T&, const T&, const T&, const T&, const T&,
const T&, const T&, T*);

Trilinear interpolationon an orthonormalhexahedron,with nodevaluesspecified
by theincomingT’s,at locationindicatedby theincomingtriplet of doubles.
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Class: FEL irregular axis

Description:

Inheritance Hierarchy:
FEL axis �
FEL irregular axis.

Public Member Functions:
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Class: FEL isoparametric 2D interpolant

Description:
Baseclassfor two-dimensionalisoparametricinterpolants.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant �
FEL isoparametric 2D interpolant.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionson many systems.

int physical to computational coords(const
FEL vector2d&, double&,double&, double tol=1e-6);

Convertsphysicalcoordinates(input asFEL vector2d&) into local computa-
tional coordinates,returnedin the double&’s. The conversionusesNewton-
Raphsoniteration,with toleratederror< tol. Returns0 if no convergence.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL isoparametric 3D interpolant

Description:
Baseclassfor three-dimensionalisoparametricinterpolants.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant �
FEL isoparametric 3D interpolant.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionsonmany systems.

int physical to computational coords(const
FEL vector3d&, double&,double&,double&, double
tol=1e-6);

Convertsphysicalcoordinates(input asFEL vector3d&) into local computa-
tional coordinates,returnedin the double&’s. The conversionusesNewton-
Raphsoniteration,with toleratederror< tol. Returns0 if noconvergence.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL isoparametric interpolant

Description:
Baseclassfor all isoparametricinterpolants.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionson many systems.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;
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Class: FEL magnitude field<TO, FROM>

Description:
Derivedfield returningmagnitudeof its componentfield – typically thelength(Eu-
clideannorm)of a vector.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field1 �
FEL magnitude field.

Public Member Functions:
FEL magnitude field(FEL pointer< FEL typed field<FROM> >

f, char* nm = "magnitude field");
Constructthisbuilt-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL magnitude field<float, FEL vector3f>

FEL magnitude of vector3f field;
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Class: FEL map then interpolate derived field1<TO, FROM>

Description:
Derivedfield built on onecomponentfield, which performsderivationprior to in-
terpolation.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field1.

Public Member Functions:
FEL map then interpolate derived field1(FEL pointer<

FEL typed field<FROM> >, int (*)(const
FEL solution globals&, const FROM*, void*, TO*),
void*, char* = "map then interpolate derived field1");

Constructa derivedfield with onecomponentfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;



127

bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL map then interpolate derived field2<TO, FROM1, FROM2>

Description:
Derived field built on two componentfields, which performsderivation prior to
interpolation.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2.

Public Member Functions:
FEL map then interpolate derived field2(FEL pointer<

FEL typed field<FROM1> >, FEL pointer<
FEL typed field<FROM2> >, int (*)(const
FEL solution globals&, const FROM1*,
const FROM2*, void*, TO*), void*, char* =
"map then interpolate derived field2");

Constructaderivedfield with two componentfields.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
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Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL map then interpolate derived field3<TO, FROM1, FROM2,
FROM3>

Description:
Derived field built on threecomponentfields, which performsderivationprior to
interpolation.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field3.

Public Member Functions:
FEL map then interpolate derived field3(FEL pointer<

FEL typed field<FROM1> >, FEL pointer<
FEL typed field<FROM2> >, FEL pointer<
FEL typed field<FROM3> >, int (*)(const
FEL solution globals&, const FROM1*, const
FROM2*, const FROM3*, void*, TO*), void*, char* =
"map then interpolate derived field3");

Constructa derivedfield with threecomponentfields.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
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Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;
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Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL matrix22<T>

Description:
A 2 by 2 matrix.

Public Member Functions:
FEL matrix22();
FEL matrix22(const T& d00, const T& d01, const T& d10,

const T& d11);
Initialize.

friend ostream& operator<<(ostream& strm, const
FEL matrix22<T>& m);

Write to ostream.

FEL matrix22(FEL vector2<T>&, FEL vector2<T>&, int);
void set(const T& d00, const T& d01, const T& d10,

const T& d11);
FEL vector2<T>& operator[](int i);
const FEL vector2<T>& operator[](int i) const;

Accessthematrix values.

FEL matrix22& operator*=(double f);
Do math.

friend T FEL determinant(const FEL matrix22<T>& m);
Returndeterminant.

friend int FEL invert(const FEL matrix22<T>& m,
FEL matrix22<T>* res);

Analytically invertmatrix.

Typedefs:
FEL matrix22<double>

FEL matrix22d;

FEL matrix22<float>
FEL matrix22f;
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Class: FEL matrix33<T>

Description:
A 3 by 3 matrix.

Public Member Functions:
FEL matrix33();
FEL matrix33(const T& d00, const T& d01, const T& d02,

const T& d10, const T& d11, const T& d12, const T&
d20, const T& d21, const T& d22);

FEL matrix33(const FEL vector3<T>&, const
FEL vector3<T>&, const FEL vector3<T>&, int);

Initialize.

friend ostream& operator<<(ostream& strm, const
FEL matrix33<T>& m);

Write to anostream.

void set(const T& d00, const T& d01, const T& d02,
const T& d10, const T& d11, const T& d12, const T&
d20, const T& d21, const T& d22);

FEL vector3<T>& operator[](int i);
const FEL vector3<T>& operator[](int i) const;

Accessmatrix elements.

FEL matrix33<T>& operator*=(const T& f);
friend FEL matrix33<T> operator+(const FEL matrix33<T>&

lhs, const FEL matrix33<T>& rhs);
friend FEL matrix33<T> operator*(double lhs, const

FEL matrix33<T>& rhs);
Do math.

friend T FEL determinant(const FEL matrix33<T>& m);
Returndeterminant.

// friend int FEL safe invert(const FEL matrix33<T>&,
FEL matrix33<T>*);

InvertusingSVD.

Typedefs:
FEL matrix33<double>

FEL matrix33d;

FEL matrix33<float>
FEL matrix33f;
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Class: FEL matrix44<T>

Description:
A 4 by 4 matrix.

Public Member Functions:
FEL matrix44();
FEL matrix44(const T&, const T&, const T&, const T&,

const T&, const T&, const T&, const T&, const T&,
const T&, const T&, const T&, const T&, const T&,
const T&, const T&);

Initialize.

friend ostream& operator<<(ostream& strm, const
FEL matrix44<T>& m);

Write to anostream.

void set(const T& d00, const T& d01, const T& d02,
const T& d03, const T& d10, const T& d11, const T&
d12, const T& d13, const T& d20, const T& d21, const
T& d22, const T& d23, const T& d30, const T& d31,
const T& d32, const T& d33);

FEL vector4<T>& operator[](int i);
const FEL vector4<T>& operator[](int i) const;

Accessdatamembers.

// friend int FEL invert(const FEL matrix44<T>&,
FEL matrix44<T>*);

Invert thematrix.

// friend int FEL safe invert(const FEL matrix44<T>&,
FEL matrix44<T>*);

Invert thematrixusingSVD.

Typedefs:
FEL matrix44<double>

FEL matrix44d;

FEL matrix44<float>
FEL matrix44f;



138

Class: FEL matrix55<T>

Description:
A 5 by 5 matrix.

Public Member Functions:
FEL matrix55();

Initialize.

friend ostream& operator<<(ostream&, const
FEL matrix55<T>&);

Write to anostream.

//friend int FEL invert(const FEL matrix55<T>&,
FEL matrix55<T>*);

Invert thematrix.

Typedefs:
FEL matrix55<double>

FEL matrix55d;

FEL matrix55<float>
FEL matrix55f;
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Class: FEL matrix66<T>

Description:
A 6 by 6 matrix.

Public Member Functions:
FEL matrix66();

Initialize.

friend ostream& operator<<(ostream&, const
FEL matrix66<T>&);

Write to anostream.

//friend int FEL invert(const FEL matrix66<T>&,
FEL matrix66<T>*);

Invert thematrix.

Typedefs:
FEL matrix66<double>

FEL matrix66d;

FEL matrix66<float>
FEL matrix66f;
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Class: FEL matrix88<T>

Description:
A 8 by 8 matrix.

Public Member Functions:
FEL matrix88();

Initialize.

friend ostream& operator<<(ostream& strm, const
FEL matrix88<T>& m);

Write to anostream.

FEL vector8<T>& operator[](int i);
const FEL vector8<T>& operator[](int i) const;

Accessmatrix data.

// friend int FEL invert(const FEL matrix88<T>&,
FEL matrix88<T>*);

Invert thematrix.

//friend int FEL safe invert(const FEL matrix88<T>&,
FEL matrix88<T>*);

Invert thematrix usingSVD.

Typedefs:
FEL matrix88<double>

FEL matrix88d;

FEL matrix88<float>
FEL matrix88f;
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Class: FEL mesh

Description:
TheclassFEL meshdeclarestheinterfaceinheritedby all meshclasses.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL mesh ptr get zone(int) const;
Returna pointerto thezonespecifiedby theargument.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
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Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
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int coordinates and iblank at cell(const FEL cell&,
FEL vector3f and int[]) const;

int coordinates and iblank at vertex cell(const
FEL vertex cell&, FEL vector3f and int*) const;

AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL mesh as field<T>

Description:
This field type in effect createsa vectorfield whoseentryat eachnodeis just the
positionvectorof thenode,asgivenby themesh.Thusthis field typeconstitutes
anadaptor, allowing oneto accessa meshusingthefield interface.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL mesh as field.

Public Member Functions:
FEL mesh as field(FEL mesh ptr, char* = "mesh as field");

Constructa field interfaceto amesh.

int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.
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int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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Typedefs:
FEL mesh as field<FEL vector3f and int>

FEL mesh as vector3f and int field;

FEL mesh as field<FEL vector3f>
FEL mesh as vector3f field;
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Class: FEL multi field<T>

Description:
Thisfield typeis basicallyacontainerclasscapableof managingmultiplefields. It
is usedprimarily for supportingtransformedfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL multi field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;



148

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL multi field<float>

FEL multi float field;
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FEL multi field<FEL plot3d q>
FEL multi plot3d q field;

FEL multi field<FEL vector3f>
FEL multi vector3f field;
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Class: FEL multi mesh

Description:
FEL multi meshrepresentsmulti-zonemeshes.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL multi mesh.

Public Member Functions:
FEL multi mesh(int, FEL mesh ptr*, const char* nm =

"FEL multi mesh");
Constructamulti mesh.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.
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int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
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int combined iblank at cell(const FEL cell&, int*)
const;

int coordinates and iblank at cell(const FEL cell&,
FEL vector3f and int[]) const;

int coordinates and iblank at vertex cell(const
FEL vertex cell&, FEL vector3f and int*) const;

AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL mutex reference counted object

Description:
Objectsthatarereferencecountedinherit from this class.Thereferencecounting
hascritical sectionprotection,thusit is safeto usein multi-threadedscenarios.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL nearest neighbor interpolant

Description:
Interpolantsupportingnearest-neighbor”interpolation”.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL nearest neighbor interpolant.

Public Member Functions:
FEL nearest neighbor interpolant(int, FEL vector3f[]);

Initializestheinterpolantwith int nearestneighbors,whosecoordinatesarestored
in theFEL vector3f[].

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionson many systems.

int get nearest(const FEL vector3f&);
Returnsindex of neighbornearestinput pointFEL vector3f&.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Returns interpolation mode of this object, namely
FEL NEAREST NEIGHBOR INTERPOLATION.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL negate field<TO, FROM>

Description:
Derivedfield returningadditive inverseof its componentfield.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field1 �
FEL negate field.

Public Member Functions:
FEL negate field(FEL pointer< FEL typed field<FROM> > f,

char* nm = "negate field");
Constructthisbuilt-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
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bool is plot3d q field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
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Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL negate field<float, float>

FEL negate of float field;

FEL negate field<FEL vector3f, FEL vector3f>
FEL negate of vector3f field;
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Class: FEL neighbor

Description:
FEL neighborencodesan identity number, a 3-cell typeanda facenumberin an
unsignedint. FEL neighboris usedby FEL unstructuredmeshto storethe infor-
mationneededto getfrom a 3-cell to oneof its neighbors.

Public Member Functions:
FEL neighbor(int i, int t, int f);
FEL neighbor();

Initialize.

friend ostream& operator<<(ostream&, const
FEL neighbor&);

Write to ostream.

int type() const;
Returnthe3-cell type.

int face() const;
Returnthefacenumber.

int id() const;
Returnthe3-cell identity number.

bool defined();
Returntruevalueshavebeendefined.
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Class: FEL null axis

Description:

Inheritance Hierarchy:
FEL axis �
FEL null axis.

Public Member Functions:
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Class: FEL paged curvilinear mesh xyz

Description:
TheFEL pagedcurvilinear meshxyz classimplementspagedcurvilinearmeshes
thatdon’t have iblanks.Instancesarecreatedwith FEL plot3d readpagedmesh.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh �
FEL paged curvilinear mesh xyz.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;
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RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;



162

int locate(const FEL phys pos& p, FEL cell&, FEL cell*
c) const;

int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL paged curvilinear mesh xyzi

Description:
TheFEL pagedcurvilinear meshxyzi classimplementspagedcurvilinearmeshes
thathave iblanks.Instancesarearecreatedwith FEL plot3d readpagedmesh.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL curvilinear mesh �
FEL paged curvilinear mesh xyz �
FEL paged curvilinear mesh xyzi.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types
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int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.
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int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL paged field<T>

Description:
The FEL pagedfield classimplementspagedfields. Instancesshouldbe created
with thefile readerfunctions(FEL plot3d readpaged*).

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL paged field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;
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Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL paged field<float>

FEL paged float field;
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FEL paged field<FEL plot3d density momentum>
FEL paged plot3d density momentum field;

FEL paged field<FEL plot3d q>
FEL paged plot3d q field;

FEL paged field<FEL vector3f>
FEL paged vector3f field;
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Class: FEL paged field common

Description:
TheFEL pagedfield commonclassis partof theimplementationof pagedfields.
All membersareprivate.

Public Member Functions:
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Class: FEL paged file

Description:
TheclassFEL pagedfile providesmuchof the implementationfor pagedmeshes
andfields. Most FEL usersshouldnot usethis class;usepagedmeshesandfields
instead.Becausethis is animplementationclass,theinterfaceis subjectto revision
or possiblyto beingrevokedby makingall membersprivate.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL paged file.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool has iblank() const;
FEL vector3i get dim(int z) const;
int get dim(int z, int i) const;
float get fs mach(int z) const;
float get reynolds(int z) const;
float get alpha(int z) const;
float get integration(int z) const;
float get param max(int z, int p) const;
float get param min(int z, int p) const;
int get iblank max(int z) const;
int get iblank min(int z) const;
File type get type() const;
const char* get type str() const;
const char* get filename() const;
float get version() const;
int get n fields() const;

Inquiry functions

void get vert(int zone, const FEL vector3i& v,
Param offset fstrt, Param length fcnt, void* out);

void get hex cell(int zone, const FEL vector3i&
v, Param offset fstrt, Param length fcnt, int
data stride, void* out);

void get hex subcell(int zone, const FEL vector3i& v,
const int* vert id, int n verts, Param offset fstrt,
Param length fcnt, int data stride, void* out);

void set page priority(int z, int priority);
Readfunctions

int write header();
int write block(void* p, int len);
int write blocks(int count, void* p, int* len);
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void set little endian(bool le);
void set dim(int z, FEL vector3i dd);
void set dim(int z, int i, int j, int k);
void set fs mach(int z, float v);
void set reynolds(int z, float v);
void set alpha(int z, float v);
void set integration(int z, float v);
void set param max(int z, int p, float v);
void set param min(int z, int p, float v);
void set iblank max(int z, long v);
void set iblank min(int z, long v);

Write functions

bool is mesh() const;
Inquiry functions

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int get n zones() const;
Inquiry functions
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Class: FEL phys pos

Description:
The classFEL physposrepresentsa point in physicalspace.FEL phys posalso
containsanFEL timedatamember.

Inheritance Hierarchy:
FEL vector3f �
FEL phys pos.

Public Member Functions:
FEL phys pos();
FEL phys pos(const FEL vector3f& p);
FEL phys pos(const float& x, const float& y, const

float& z);
Initialize anFEL phys pos.

FEL time get time() const;
float get physical time();
float get computational time();
int get time step();
void set time(const FEL time& t);
void set physical time(float t);
void set computational time(float t);
void set time step(int t);
void set time undefined();

Accessthetimerepresentation.

friend ostream& operator<<(ostream&, const
FEL phys pos&);

OutputanFEL phys pos to anostream.

FEL phys pos& operator+=(const FEL vector3f& v);
FEL phys pos& operator-=(const FEL vector3f& v);

Modify thespatialcoordinatesof thephysicalposition.

friend bool operator==(const FEL phys pos& lhs, const
FEL phys pos& rhs);

Testfor equality, comparingbothspatialcoordinatesandtime.
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Class: FEL physical interpolant

Description:
Baseclassfor physicalspaceinterpolants.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL physical interpolant.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionsonmany systems.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL plot3d density momentum

Description:
FEL plot3d densitymomentumrepresentsasubsetof thePLOT3D solutionvector
containingjust thecomponentsneededfor velocity-relatedderivedfields.

Public Member Functions:
FEL plot3d density momentum();
FEL plot3d density momentum(float d, FEL vector3f m);

Initialize anobject.

friend ostream& operator<<(ostream&, const
FEL plot3d density momentum&);

Write to anostream.

friend FEL plot3d density momentum operator-(const
FEL plot3d density momentum& dm);

friend FEL plot3d density momentum opera-
tor+(const FEL plot3d density momentum& lhs, const
FEL plot3d density momentum& rhs);

friend FEL plot3d density momentum operator-
(const FEL plot3d density momentum& lhs, const
FEL plot3d density momentum& rhs);

friend FEL plot3d density momentum operator*(float lhs,
const FEL plot3d density momentum& rhs);

friend FEL plot3d density momentum operator*(double lhs,
const FEL plot3d density momentum& rhs);

friend FEL plot3d density momentum operator*(const
FEL plot3d density momentum& lhs, float rhs);

friend FEL plot3d density momentum operator*(const
FEL plot3d density momentum& lhs, double rhs);

Do math.

friend bool operator==(const FEL plot3d density momentum&
lhs, const FEL plot3d density momentum& rhs);

Testfor equality.
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Class: FEL plot3d field

Description:
Field”manager”whichhelpscreateandmanagefieldsbasedonPLOT3D datafiles.
Thisclasscanreturnoverfifty predefinedderivedfields,in responseto anenum’ed
request,andcantakecareof any necessaryfile readingandprimitivefield caching.
This is avirtual baseclass;useeitherFEL q plot3d field, FEL steadyplot3d field,
or FEL fixed interval time seriesplot3d field to createaninstance.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL plot3d field.

Public Member Functions:
FEL mesh ptr get mesh();
FEL plot3d q field ptr get q field();
FEL plot3d density momentum field ptr

get density momentum field();
FEL vector3f field ptr get momentum field();
FEL float field ptr get density field();
FEL float field ptr get energy field();

Retrievemesh,or PLOT3D primitivefields.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL float field ptr make float field(FEL float field enum);
FEL vector3f field ptr make vector3f field(FEL vector3f field enum);

Requesta derived float field or vectorfield from the manager. The completelist
of enumscanbe found in the FEL UserGuide, in FEL plot3d field.h, or
thePLOT3D User’s Manual(asPLOT3D ”function numbers”,which canbeused
directly.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types

void set(const FEL set keyword enum, int);
Setanoptionon meshor any field associatedwith themanager.
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Class: FEL plot3d multi mesh

Description:
FEL plot3d multi meshis a multi-zonemeshwherePLOT3D IBLANK data is
usedto acceleratepoint location.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL multi mesh �
FEL plot3d multi mesh.

Public Member Functions:
FEL plot3d multi mesh(int, FEL mesh ptr*, const char* nm

= "FEL plot3d multi mesh");
Constructa multi-zonemesh.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.



177

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;
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int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL plot3d q

Description:
FEL plot3d q representsthestandardPLOT3D solutionvector.

Public Member Functions:
FEL plot3d q();
FEL plot3d q(float d, FEL vector3f m, float e);

Initialize aplot3d q object.

float operator[](int i) const;
Accessdatamembersasif avector.

friend FEL plot3d q operator-(const FEL plot3d q& q);
friend FEL plot3d q operator+(const FEL plot3d q& lhs,

const FEL plot3d q& rhs);
friend FEL plot3d q operator-(const FEL plot3d q& lhs,

const FEL plot3d q& rhs);
friend FEL plot3d q operator*(float lhs, const

FEL plot3d q& rhs);
friend FEL plot3d q operator*(double lhs, const

FEL plot3d q& rhs);
friend FEL plot3d q operator*(const FEL plot3d q& lhs,

float rhs);
friend FEL plot3d q operator*(const FEL plot3d q& lhs,

double rhs);
Do math.

friend FEL plot3d q operator*(const FEL matrix33f& lhs,
const FEL plot3d q&;

Thedefinitionfor theproductof a3x3matrixandaq: ignorethescalarpartsof the
q, multiply thematrix timesthemomentum

friend bool operator==(const FEL plot3d q& lhs, const
FEL plot3d q& rhs);

Testfor equality.

friend ostream& operator<<(ostream&, const
FEL plot3d q&);

Write to anostream.
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Class: FEL pointer<T>

Description:
FEL pointerisa”smartpointer”thatworkswith classesderivedfromFEL referencecountedobject,
i.e. objectsthat arereferencecounted.The templatetypeT specifiesthe type of
object(particularFEL referencecountedobjectsubclass)thatagivenFEL pointer
instancerefersto.

Inheritance Hierarchy:
FEL pointer base �
FEL pointer.

Public Member Functions:
FEL pointer();
FEL pointer(T* p);
FEL pointer(const FEL pointer<T>& p);

Initialize anFEL pointer, incrementthereferencecountof p if p != NULL.

˜FEL pointer();
DestructanFEL pointer instance,decrementthe referencecountof theobject
pointedto if thepointeris non-NULL.

T* operator->() const;
UseanFEL pointer with the”arrow” syntax,like aC-stylepointer.

operator T*() const;
DereferenceanFEL pointer, gettingbacktheraw T* pointer. Thisoperatoris
usedby castingmacroswhich requirethe internalpointerin orderto do a C-style
cast.Theraw pointerreturnedby thisoperatoris notaccountedfor by thereference
countingsystem,usewith care!

const FEL pointer<T>& operator=(T* rhs);
const FEL pointer<T>& operator=(const FEL pointer<T>&

rhs);
Assignto anFEL pointer. Incrementthe referencecountof therhs if non-
NULL, decrementthe referencecountof the objectpreviously referencedby this
pointer, if non-NULL.

friend bool operator==(const FEL pointer<T>& lhs, const
FEL pointer<T>& rhs);

friend bool operator!=(const FEL pointer<T>& lhs, const
FEL pointer<T>& rhs);

friend bool operator==(const FEL pointer<T>& lhs, const
long rhs);

friend bool operator!=(const FEL pointer<T>& lhs, const
long rhs);

Testfor equalityor inequalityby comparingtheinternalpointers.

friend ostream& operator<<(ostream& s, const
FEL pointer<T>& p);

Outputahexadecimalrepresentationof theinternalpointer.
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Typedefs:
FEL pointer<FEL core float field>

FEL core float field ptr;

FEL pointer<FEL core plot3d q field>
FEL core plot3d q field ptr;

FEL pointer<FEL core vector3f field>
FEL core vector3f field ptr;

FEL pointer<FEL double field>
FEL double field ptr;

FEL pointer<FEL field>
FEL field ptr;

FEL pointer<FEL fixed interval time series float field>
FEL fixed interval time series float field ptr;

FEL pointer<FEL fixed interval time series vector3f and int field>
FEL fixed interval time series vector3f and int field ptr;

FEL pointer<FEL fixed interval time series vector3f field>
FEL fixed interval time series vector3f field ptr;

FEL pointer<FEL float field>
FEL float field ptr;

FEL pointer<FEL hexahedral isoparametric interpolant>
FEL hexahedral isoparametric interpolant ptr;

FEL pointer<FEL interpolant>
FEL interpolant ptr;

FEL pointer<FEL matrix33f field>
FEL matrix33f field ptr;

FEL pointer<FEL mesh>
FEL mesh ptr;

FEL pointer<FEL paged file>
FEL paged file ptr;

FEL pointer<FEL paged float field>
FEL paged float field ptr;

FEL pointer<FEL paged plot3d density momentum field>
FEL paged plot3d density momentum field ptr;

FEL pointer<FEL paged plot3d q field>
FEL paged plot3d q field ptr;

FEL pointer<FEL paged vector3f field>
FEL paged vector3f field ptr;

FEL pointer<FEL plot3d density momentum field>
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FEL plot3d density momentum field ptr;

FEL pointer<FEL plot3d field>
FEL plot3d field ptr;

FEL pointer<FEL plot3d q field>
FEL plot3d q field ptr;

FEL pointer<FEL reference counted object>
FEL reference counted object ptr;

FEL pointer<FEL structured mesh>
FEL structured mesh ptr;

FEL pointer<FEL time series float field>
FEL time series float field ptr;

FEL pointer<FEL time series plot3d q field>
FEL time series plot3d q field ptr;

FEL pointer<FEL time series vector3f and int field>
FEL time series vector3f and int field ptr;

FEL pointer<FEL time series vector3f field>
FEL time series vector3f field ptr;

FEL pointer<FEL unstructured mesh>
FEL unstructured mesh ptr;

FEL pointer<FEL vector2f field>
FEL vector2f field ptr;

FEL pointer<FEL vector3d field>
FEL vector3d field ptr;

FEL pointer<FEL vector3f and int field>
FEL vector3f and int field ptr;

FEL pointer<FEL vector3f field>
FEL vector3f field ptr;



183

Class: FEL pointer base

Description:
TheclassFEL pointerbaseimplementsessentialfunctionalityfor FEL pointerob-
jects. FEL pointerbaseis a friend of FEL referencecountedobjectandusesits
friendshipprivilegesto increment,decrementanddeletereferencecountedobjects.

Public Member Functions:
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Class: FEL prismatic isoparametric interpolant

Description:
Supportsisoparametricinterpolationon prisms.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant �
FEL isoparametric 3D interpolant �
FEL prismatic isoparametric interpolant.

Public Member Functions:
FEL prismatic isoparametric interpolant(const

FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&);

Constructtheinterpolantwith thesix verticesof aprism.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionson many systems.

int physical to computational coords(const
FEL vector3d&, double&,double&,double&, double
tol=1e-6);

Convertsphysicalcoordinates(input asFEL vector3d&) into local computa-
tional coordinates,returnedin the double&’s. The conversionusesNewton-
Raphsoniteration,with toleratederror< tol. Returns0 if no convergence.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL product field<TO, FROM1, FROM2>

Description:
Derivedfield returningtheproductof its componentfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2 �
FEL product field.

Public Member Functions:
FEL product field(FEL pointer< FEL typed field<FROM1> >

f1, FEL pointer< FEL typed field<FROM2> > f2, char* nm
= "product field");

Constructthisbuilt-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL product field<float, float, float>

FEL product of float field;
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Class: FEL pyramidal isoparametric interpolant

Description:
Supportsisoparametricinterpolationon pyramids.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant �
FEL isoparametric 3D interpolant �
FEL pyramidal isoparametric interpolant.

Public Member Functions:
FEL pyramidal isoparametric interpolant(const

FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&, const
FEL vector3f&);

Constructtheinterpolantwith thefiveverticesof a pyramid.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionson many systems.

int physical to computational coords(const
FEL vector3d&, double&,double&,double&, double
tol=1e-6);

Convertsphysicalcoordinates(input asFEL vector3d&) into local computa-
tional coordinates,returnedin the double&’s. The conversionusesNewton-
Raphsoniteration,with toleratederror< tol. Returns0 if no convergence.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL q plot3d field

Description:
Field ”manager”basedon a q field. This classis designedfor unusualor non-
file-basedfieldslike transformedfieldsor fieldswith somemoving andsomestatic
zones.If youhaveasimplesteadyor file-basedunsteadyfield, pagedfieldswill be
moreefficientwith FEL steadyplot3d field orFEL fixed interval time seriesplot3d field.
Thisclasscanreturnoverfifty predefinedderivedfields,in responseto anenum’ed
request,andcantakecareof any necessaryfile readingandprimitivefield caching.
This is avirtual baseclass;useeitherFEL q plot3d field, FEL steadyplot3d field,
or FEL fixed interval time seriesplot3d field to createaninstance.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL plot3d field �
FEL q plot3d field.

Public Member Functions:
FEL q plot3d field(FEL plot3d q field ptr);

createsa field ”manager”for theq field.

FEL mesh ptr get mesh();
FEL plot3d q field ptr get q field();
FEL plot3d density momentum field ptr

get density momentum field();
FEL vector3f field ptr get momentum field();
FEL float field ptr get density field();
FEL float field ptr get energy field();

Retrievemesh,or PLOT3D primitivefields.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL float field ptr make float field(FEL float field enum);
FEL vector3f field ptr make vector3f field(FEL vector3f field enum);

Requesta derived float field or vectorfield from the manager. The completelist
of enumscanbe found in the FEL UserGuide, in FEL plot3d field.h, or
thePLOT3D User’s Manual(asPLOT3D ”function numbers”,which canbeused
directly.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types

void set(const FEL set keyword enum, int);
Setanoptionon meshor any field associatedwith themanager.
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Class: FEL quotient field<TO, FROM1, FROM2>

Description:
Derivedfield returningthequotientof its componentfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2 �
FEL quotient field.

Public Member Functions:
FEL quotient field(FEL pointer< FEL typed field<FROM1> >

f1, FEL pointer< FEL typed field<FROM2> > f2, char* nm
= "quotient field");

Constructthis built-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.
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Class: FEL reference counted object

Description:
Objectsthatarereferencecountedinherit from thisclass.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

friend ostream& operator<<(ostream&, const
FEL reference counted object&);

Outputto anostream,usingget name() name.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types



194

Class: FEL regular axis

Description:

Inheritance Hierarchy:
FEL axis �
FEL regular axis.

Public Member Functions:
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Class: FEL regular mesh

Description:
FEL regular meshrepresentsregular, hexahedralmeshes.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL axis aligned mesh �
FEL regular mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.
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int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
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int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL regular mesh2

Description:
FEL regular mesh2representsregular, quadrilateralmeshesin theZ = 0 plane.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL axis aligned mesh �
FEL regular mesh2.

Public Member Functions:
FEL regular mesh2(int d0, int d1, float spacing0, float

spacing1, char* nm = "regular mesh2");
Constructa regular surfacemeshwith dimensionsd0 andd1 andadjacentvertex
spacings0ands1.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
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Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;
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int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.



201

Class: FEL regular xy irregular z mesh

Description:
FEL regular xy irregular z meshrepresentsmeshesthat areregular in the X and
Y dimensionsbut irregularin Z.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh �
FEL axis aligned mesh �
FEL regular xy irregular z mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;
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RequestJacobianmatrixat givenvertex.

int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
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int locate(const FEL phys pos& p, FEL cell&, FEL cell*
c) const;

int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL remote field<T>

Description:

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL remote field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.
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void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL remote field<float>

FEL remote float field;

FEL remote field<FEL plot3d q>
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FEL remote plot3d q field;

FEL remote field<FEL vector3f>
FEL remote vector3f field;
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Class: FEL remote mesh

Description:

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL remote mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.
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int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
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int coordinates and iblank at vertex cell(const
FEL vertex cell&, FEL vector3f and int*) const;

AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL rotated mesh

Description:
FEL rotatedmeshclassesemulaterotatingoriginal coordinatesc to new valuec’
usinga matrixm via thetransformationc’ = m * c.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL transformed mesh �
FEL rotated mesh.

Public Member Functions:
FEL rotated mesh(FEL mesh ptr m, const FEL matrix33f& r,

char* = "rotated mesh");
Constructa rotatedmeshwith meshm androtationmatrix r.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL mesh ptr get zone(int) const;
Returna pointer to the zonespecifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;
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int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL scattered vertex mesh

Description:

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL scattered vertex mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.
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int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;
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int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.



216

Class: FEL single mesh

Description:
FEL singlemeshrepresentsa meshthathasonly onezone.SeeFEL multi mesh.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.
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int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;
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int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL socket

Description:

Public Member Functions:
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Class: FEL solution globals

Description:
TheclassFEL solutionglobalscontainsparameterssuchasfreestreamMachnum-
berthatareglobalto a field.

Public Member Functions:
FEL solution globals();

Initialize.

bool valid(unsigned flag);
Testwhetheraparticularparameteris valid.

void set free stream mach(float f);
void set alpha(float f);
void set reynolds number(float f);
void set time(float f);

Setoneof theparameters.
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Class: FEL steady plot3d field

Description:
Field managerfor asteadyfield.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL plot3d field �
FEL steady plot3d field.

Public Member Functions:
FEL steady plot3d field(char*, char*, unsigned = 0);
FEL steady plot3d field(FEL mesh ptr, char*, unsigned =

0);
createsa field ”manager”for a steadyfield.

FEL mesh ptr get mesh();
FEL plot3d q field ptr get q field();
FEL plot3d density momentum field ptr

get density momentum field();
FEL vector3f field ptr get momentum field();
FEL float field ptr get density field();
FEL float field ptr get energy field();

Retrievemesh,or PLOT3D primitivefields.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL float field ptr make float field(FEL float field enum);
FEL vector3f field ptr make vector3f field(FEL vector3f field enum);

Requesta derived float field or vectorfield from the manager. The completelist
of enumscanbe found in the FEL UserGuide, in FEL plot3d field.h, or
thePLOT3D User’s Manual(asPLOT3D ”function numbers”,which canbeused
directly.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types

void set(const FEL set keyword enum, int);
Setanoptionon meshor any field associatedwith themanager.
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Class: FEL structured mesh

Description:
FEL structuredmeshis theparentclassto all structuredhexahedralmeshesstruc-
turedquadrilateralsurfaces.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL structured mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

int jacobian at vertex cell(const FEL vertex cell&,
FEL matrix33f*) const;

RequestJacobianmatrixat givenvertex.
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int contravariant phys to comp vector(const
FEL vertex cell&, const FEL vector3f&, FEL vector3f*)
const;

int contravariant phys to comp vector(const
FEL structured pos&, const FEL vector3f&,
FEL vector3f*) const;

Convert a contravariantvectorin physicalspaceto its equivalentin computational
space.

bool is structured mesh() const;
Returntrue.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
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int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL structured pos

Description:
The classFEL structuredpos representsa point in computationalspace,using
floating-pointcoordinates.FEL structuredposalsocontainsan integer zoneand
andanFEL time datamember.

Inheritance Hierarchy:
FEL vector3f �
FEL structured pos.

Public Member Functions:
FEL time get time() const;
float get physical time();
float get computational time();
int get time step();
void set time(const FEL time& t);
void set physical time(float t);
void set computational time(float t);
void set time step(int t);
void set time undefined();

Accessthetime representation.

friend ostream& operator<<(ostream&, const
FEL structured pos&);

OutputanFEL structured pos to anostream.

int get zone() const;
void set zone(int z);

Accessthezonedatamember.

friend bool operator==(const FEL structured pos& lhs,
const FEL structured pos& rhs);

friend bool operator!=(const FEL structured pos& lhs,
const FEL structured pos& rhs);

Testfor equality, comparingcoordinates,zoneandtime.
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Class: FEL sum field<TO, FROM1, FROM2>

Description:
Derivedfield returningthesumof its componentfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL derived field �
FEL map then interpolate derived field2 �
FEL sum field.

Public Member Functions:
FEL sum field(FEL pointer< FEL typed field<FROM1> > f1,

FEL pointer< FEL typed field<FROM2> > f2, char* nm =
"sum field");

Constructthis built-in derivedfield.

int at phys pos(const FEL phys pos&, const
FEL cell interpolant&, TO*);

int at cell(const FEL cell&, TO[]);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, TO*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, TO*);
int at vertex cell(const FEL vertex cell&, TO*);
int at structured pos(const FEL structured pos&, TO*);
int at phys pos(const FEL phys pos&, TO*);
int at cell interpolant(const FEL cell interpolant&,

TO[]);
Retrievefield nodevalues,return1 if successful.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Retrievestructurewith varioussolutionparameters.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL pointer< FEL typed field<TO> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(TO*, TO*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

bool is core field() const;
bool is float field() const;
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bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.
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int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

Typedefs:
FEL sum field<float, float, float>

FEL sum of float field;

FEL sum field<FEL vector3f, FEL vector3f, FEL vector3f>
FEL sum of vector3f field;
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Class: FEL tetrahedral isoparametric interpolant

Description:
Supportsisoparametricinterpolationon tetrahedra.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant �
FEL isoparametric 3D interpolant �
FEL tetrahedral isoparametric interpolant.

Public Member Functions:
FEL tetrahedral isoparametric interpolant(const

FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&);

Constructtheinterpolantwith thefour verticesof a tetrahedron.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionsonmany systems.

int physical to computational coords(const
FEL vector3d&, double&,double&,double&, double
tol=1e-6);

Convertsphysicalcoordinates(input asFEL vector3d&) into local computa-
tional coordinates,returnedin the double&’s. The conversionusesNewton-
Raphsoniteration,with toleratederror< tol. Returns0 if noconvergence.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL tetrahedral mesh

Description:
FEL tetrahedralmeshis a subclassof FEL unstructuredmeshspecificto tetrahe-
dral meshes.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL unstructured mesh �
FEL tetrahedral mesh.

Public Member Functions:
FEL tetrahedral mesh(int n0, FEL vector3f* xyz, int

n special triangles, FEL vector3i* triangles, int*
triangle ids, int n3, FEL vector4i* tetrahedra, char*
= "tetrahedral mesh");

Constructa tetrahedralmeshgivenn0verticeswith coordinatesgivenby xyz. Also
acceptn special triangles with verticesin the array trianglesand id’s in
triangle ids. Also acceptn3tetrahedra,eachtetrahedrondefinedby 4 integer
vertex ids.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
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bool is mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;



232

int locate and set interpolant(const FEL phys pos&,
FEL cell interpolant*) const;

int locate and set interpolant(const FEL phys pos&,
FEL cell interpolant&, FEL cell interpolant*) const;

Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Returntrue.

int get n triangle sets() const;
void get triangle set ids(int[]) const;

Getinformationabouttrianglesetsspecifiedatmeshconstruction.
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Class: FEL tetrahedral physical interpolant

Description:
Supportfor physicalspaceinterpolationon tetrahedra.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL physical interpolant �
FEL tetrahedral physical interpolant.

Public Member Functions:
FEL tetrahedral physical interpolant(const

FEL vector3f&, const FEL vector3f&, const
FEL vector3f&, const FEL vector3f&);

Constructtheinterpolantrwith thefour verticesof a tetrahedron.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionsonmany systems.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL time

Description:
FEL time canstorea time valuein oneof 3 representations:physical,computa-
tionalor integercomputational(i.e. anintegertimestep).

Public Member Functions:
FEL time();

Initialize representationto FEL TIME REPRESENTATION UNDEFINED.

friend ostream& operator<<(ostream& strm, const
FEL time& time);

Write to anostream.

void set undefined();
Settherepresentationto FEL TIME REPRESENTATION UNDEFINED.

void set physical(float t);
void set computational(float t);
void set step(int t);

Settime andrepresentation.

bool defined() const;
Testwhetherthetime is defined.

FEL time representation enum get representation() const;
Querytheobjectaboutits currenttime representation.

float get physical() const;
float get computational() const;
int get step() const;

Getthetime in therequestedrepresentation.

friend bool operator==(const FEL time& lhs, const
FEL time& rhs);

friend bool operator!=(const FEL time& lhs, const
FEL time& rhs);

Testfor equality, or lack thereof.
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Class: FEL time series field<T>

Description:
FEL time seriesfield representstime-varyingfieldsvia a seriesof time steps.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL time varying field �
FEL time series field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;
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Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

FEL pointer< FEL typed field<T> > get field(int t);
Getthefield associatedwith a timestept.

bool load(int);
bool load all();
void unload(int);
void unload all();
void unload least recently used();
void set working set size(int);
void set verbose(bool b);
void show working set(ostream&);

Managetheworkingsetdirectly.

bool is time series field() const;
Returntrue.

int get n time steps() const;
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Returnthenumberof time stepsin thetimeseries.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL time series field<float>

FEL time series float field;

FEL time series field<FEL plot3d q>
FEL time series plot3d q field;

FEL time series field<FEL vector3f and int>
FEL time series vector3f and int field;

FEL time series field<FEL vector3f>
FEL time series vector3f field;
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Class: FEL time series mesh

Description:
TheclassFEL time seriesmeshprovidessupportfor meshesthatvary with time,
alsoknown asunsteadymeshes.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL time series mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL mesh ptr get zone(int) const;
Returna pointerto thezonespecifiedby theargument.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.



239

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
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int combined iblank at cell(const FEL cell&, int*)
const;

int coordinates and iblank at cell(const FEL cell&,
FEL vector3f and int[]) const;

int coordinates and iblank at vertex cell(const
FEL vertex cell&, FEL vector3f and int*) const;

AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL time varying field<T>

Description:
FEL time varying field is theparentclassto FEL time seriesfield.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL time varying field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif calling objectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrieveapointerto themeshassociatedwith this field.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;
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Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loopoverall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif at end.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin thisfield’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetimerepresentationto another.

bool is time series field() const;
Returntrueif callingobjectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructa new corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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Class: FEL timer

Description:
FEL timer is a high-resolutiontimer for SGI systems.A much lower-resolution
timer is providedasa fallback.

Public Member Functions:
FEL timer();

Initialize a timer.

void reset();
void start();
void stop();

Reset,startandstopthetimer.

double elapsed();
Returnthetimeelapsed,in microseconds.(Doesnot resetthetimer.)
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Class: FEL touch counted field<T>

Description:
This field typesimply sitson top of anotherfield andrecordsusagestatisticsfrom
that field. Suchstatisticscanbevery informative duringapplicationdevelopment
or tuning,asthey mayguidedecisionsaboutdeploymentof lazy evaluation,eager
evaluation,or pagedfields.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field �
FEL touch counted field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.
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int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;

Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).
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Typedefs:
FEL touch counted field<float>

FEL touch counted float field;

FEL touch counted field<FEL plot3d q>
FEL touch counted plot3d q field;

FEL touch counted field<FEL vector3f>
FEL touch counted vector3f field;



247

Class: FEL transformed mesh

Description:
Transformedmeshsubclassesemulateapplyingrigid transformationsto meshes.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL transformed mesh.

Public Member Functions:
const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.
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int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
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int coordinates and iblank at vertex cell(const
FEL vertex cell&, FEL vector3f and int*) const;

AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL translated mesh

Description:
Translatedmeshesemulateapplyinga translationto a mesh.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL transformed mesh �
FEL translated mesh.

Public Member Functions:
FEL translated mesh(FEL mesh ptr, const FEL vector3f& t,

char* = "translated mesh");
Constructa meshemulatinga translationof t.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL mesh ptr get zone(int) const;
Returna pointerto the zonespecifiedby the argument,with the sametranslation
appliedasby this mesh.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
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Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;
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int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL triangle set

Description:
FEL trianglesetrepresentsa setof trianglesandthesetof vertex facesof thetri-
angles.

Public Member Functions:
FEL triangle set();

Initialize to defaults.

˜FEL triangle set();
Deallocatebuffers.
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Class: FEL triangle vertices

Description:
FEL triangleverticesis usedto representthe3 integervertex indicesof a triangle.
Theclassis usedby FEL unstructuredmesh.

Inheritance Hierarchy:
FEL vector3i �
FEL triangle vertices.

Public Member Functions:
FEL triangle vertices();
FEL triangle vertices(const FEL vector3i& v3i);
FEL triangle vertices(int v0, int v1, int v2);

Initialize.

friend unsigned FEL hash(const FEL triangle vertices&
tv);

Returna cheaphash.

friend bool operator==(const FEL triangle vertices&
lhs, const FEL triangle vertices& rhs);

Testfor equality. Triangleindicesdonothaveto beorderedthesamein thelhsand
rhs.
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Class: FEL triangular isoparametric interpolant

Description:
Supportsisoparametricinterpolationon triangles.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL interpolant �
FEL isoparametric interpolant �
FEL isoparametric 2D interpolant �
FEL triangular isoparametric interpolant.

Public Member Functions:
FEL triangular isoparametric interpolant(const

FEL vector2f&, const FEL vector2f&, const
FEL vector2f&);

Constructtheinterpolantwith thethreeverticesof a triangle.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

bool ok() const;
Indicatesif interpolantwassuccessfullyconstructed.Workaroundfor lack of ex-
ceptionsonmany systems.

int physical to computational coords(const
FEL vector2d&, double&,double&, double tol=1e-6);

Convertsphysicalcoordinates(input asFEL vector2d&) into local computa-
tional coordinates,returnedin the double&’s. The conversionusesNewton-
Raphsoniteration,with toleratederror< tol. Returns0 if noconvergence.

bool is hexahedral isoparametric() const;
IndicateswhethercallingobjectisanFEL hexahedral isoparaemtric interpolant.

FEL interpolation enum get interpolation() const;
Interfacefor retrieving interpolationmode.

bool is mesh() const;
bool is field() const;

Provide run-timetypedeterminationfor a few key FEL types
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Class: FEL typed fieldT>

Description:
Purevirtual baseclassfor all templatedfields.Thisclassdeclaresthetype-dependent
interfacecommonto all fields– primarily at *() calls,which provide lazy evalua-
tion of field valuesat givenlocationsin spaceandtime.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL field �
FEL typed field.

Public Member Functions:
int at cell(const FEL cell&, T[]);
int at vertex cell(const FEL vertex cell&, T*);
int at cell interpolant(const FEL cell interpolant&,

T[]);
int at structured pos(const FEL structured pos&, T*);
int at phys pos(const FEL phys pos&, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*, T*);
int at phys pos(const FEL phys pos&, const

FEL cell interpolant&, T*);
Retrievefield nodevalues,return1 if successful.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

bool is core field() const;
bool is float field() const;
bool is vector3f field() const;
bool is plot3d q field() const;

Returntrueif callingobjectis aninstanceof correspondingclass.

int get solution globals(FEL solution globals*);
void set solution globals(const FEL solution globals&);

Accessglobal”metadata”associatedwith this field.

bool varies with time() const;
Returntrueif a time-varyingfield is in thelineageof calling object.

FEL mesh ptr get mesh() const;
Retrievea pointerto themeshassociatedwith thisfield.

int card(int d) const;
Getthenumberof cellsof specifieddimensiond.

int coordinates at cell(const FEL cell&, FEL vector3f
[]) const;
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Getphysical-spacecoordinatesof specifiedcell.

void begin(FEL vertex cell iter* vi) const;
Initialize avertex cell iteratorto loop overall vertices.

void begin(FEL cell iter* ci) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL vertex cell iter* vi, int k, ...) const;
int begin(FEL cell iter* ci, int k, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter* ci) const;
Initialize aniteratorto testif atend.

bool is mesh() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n zones() const;
Getnumberof zonesin this field’smesh.

void set(const FEL set keyword enum, int);
int get(const FEL get keyword enum, int*, int[], int =

FEL ZONEUNDEFINED) const;
Setanoptionon this field, or its mesh.

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

Getphysical-spacecoordinatesof specifiedcell.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Changefrom onetime representationto another.

bool is time series field() const;
Returntrueif calling objectis aninstanceof correspondingclass.

int get n time steps() const;
Getnumberof timestepsassociatedwith this field.

FEL pointer< FEL typed field<T> > get eager field(const
FEL time& = FEL time());

Constructanew corefield whereeachnodehasbeeneagerlyevaluated.

int get min max(T*, T*, const FEL time& = FEL time());
Get the minimum and maximum valuesof the field (undefinedfor non-scalar
fields).

Typedefs:
FEL typed field<double>

FEL double field;
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FEL typed field<float>
FEL float field;

FEL typed field<FEL matrix33f>
FEL matrix33f field;

FEL typed field<FEL plot3d density momentum>
FEL plot3d density momentum field;

FEL typed field<FEL plot3d q>
FEL plot3d q field;

FEL typed field<FEL vector2f>
FEL vector2f field;

FEL typed field<FEL vector3d>
FEL vector3d field;

FEL typed field<FEL vector3f and int>
FEL vector3f and int field;

FEL typed field<FEL vector3f>
FEL vector3f field;
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Class: FEL unstructured mesh

Description:
The classFEL unstructuredmeshrepresentsmeshesthat are not not structured.
CurrentlyFEL unstructuredmeshesconsistof tetrahedra,triangles,edgesandver-
tices.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL single mesh �
FEL unstructured mesh.

Public Member Functions:
FEL unstructured mesh(int, FEL vector3f*, int,

FEL vector4i*, int, FEL vector3i*, int*, const char* =
"unstructured mesh");

Constructanunstructuredmesh.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

int get n zones() const;
Return1 for any subclassof FEL single mesh.

FEL mesh ptr get zone(int) const;
Returnthemeshitself theargumentis 0, andNULL otherwise.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
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Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.

void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
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Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Returntrue.

int get n triangle sets() const;
void get triangle set ids(int[]) const;

Getinformationabouttrianglesetsspecifiedat meshconstruction.
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Class: FEL vector<int N, T>

Description:
A vectortemplatedon boththenumberof componentsN andtheir typeT.

Public Member Functions:
FEL vector();
FEL vector(T dat[]);

Initialize a vector.

friend ostream& operator<<(ostream& strm, const
FEL vector<N,T>& v);

Write to anostream.

T& operator[](int i);
const T& operator[](int i) const;

Accessvectorcomponents.

friend FEL vector<N,T> operator*(double lhs, const
FEL vector<N,T>& rhs);

friend FEL vector<N,T> operator+(const FEL vector<N,T>&
lhs, const FEL vector<N,T>& rhs);

friend FEL vector<N,T> operator-(const FEL vector<N,T>&
v);

friend FEL vector<N,T> operator-(const FEL vector<N,T>&
lhs, const FEL vector<N,T>& rhs);

friend FEL vector<N,T> operator*(const FEL vector<N,T>&
lhs, double rhs);

Do vectormath.

friend bool operator==(const FEL vector<N,T>& lhs,
const FEL vector<N,T>& rhs);

Testfor equality.
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Class: FEL vector2<T>

Description:
A two componentvectorclass.

Public Member Functions:
FEL vector2();
FEL vector2(const T& d0, const T& d1);

Initialize a vector.

friend ostream& operator<<(ostream& strm, const
FEL vector2<T>& v);

Write to ostream.

void set(const T& d0, const T& d1);
Accessvectordatamembers.

friend bool operator==(const FEL vector2<T>& lhs, const
FEL vector2<T>&;

friend bool operator!=(const FEL vector2<T>& lhs, const
FEL vector2<T>&;

Testfor equalityandinequality.

FEL vector2<T>& operator*=(const T& f);
FEL vector2<T>& operator/=(const T& f);
friend FEL vector2<T> operator+(const FEL vector2<T>&

lhs, const FEL vector2<T>& rhs);
friend FEL vector2<T> operator-(const FEL vector2<T>&

lhs, const FEL vector2<T>& rhs);
friend FEL vector2<T> operator*(const double lhs, const

FEL vector2<T>& rhs);
friend FEL vector2<T> operator*(const FEL vector2<T>&

lhs, const double rhs);
Do vectormath.

T* v();
Exposetheraw representationfor callsto librariesexpectingT*.

T& operator[](int i);
const T& operator[](int i) const;

Accessvectordatamembers.

Typedefs:
FEL vector2<double>

FEL vector2d;

FEL vector2<float>
FEL vector2f;

FEL vector2<int>
FEL vector2i;
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Class: FEL vector3<T>

Description:
A threecomponentvector.

Public Member Functions:
FEL vector3();
FEL vector3(const T& d0, const T& d1, const T& d2);

Initialize a 3 componentvector.

friend ostream& operator<<(ostream& strm, const
FEL vector3<T>& v);

Write to anostream.

void set(const T& d0, const T& d1, const T& d2);
Accessvectormembers.

friend bool operator==(const FEL vector3<T>& lhs, const
FEL vector3<T>&;

friend bool operator!=(const FEL vector3<T>& lhs, const
FEL vector3<T>&;

Testfor equalityandinequality.

FEL vector3<T>& operator+=(const FEL vector3<T>& v);
FEL vector3<T>& operator-=(const FEL vector3<T>& v);
friend FEL vector3<T> operator-(const FEL vector3<T>&

v);
friend FEL vector3<T> operator+(const FEL vector3<T>&

lhs, const FEL vector3<T>& rhs);
Do vectormath.

T* v();
Exposetheraw representationfor callsto librariesexpectingT*.

T& operator[](int i);
const T& operator[](int i) const;

Typedefs:
FEL vector3<double>

FEL vector3d;

FEL vector3<float>
FEL vector3f;

FEL vector3<int>
FEL vector3i;
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Class: FEL vector3f and int

Description:
The classFEL vector3fand int is usedto representcoordinatesandan IBLANK
pairedtogether.

Inheritance Hierarchy:
FEL vector3f �
FEL vector3f and int.

Public Member Functions:
FEL vector3f and int();
FEL vector3f and int(const float& d0, const float& d1,

const float& d2, int ib);
Initialize anFEL vector3f and int.

friend ostream& operator<<(ostream&, const
FEL vector3f and int&);

OutputanFEL vector3f and int to anostream.

friend FEL vector3f and int operator*(float lhs, const
FEL vector3f and int& rhs);

friend FEL vector3f and int operator*(double lhs, const
FEL vector3f and int& rhs);

Multiply by a scalar, int membercopiedfrom rhs.

friend FEL vector3f and int operator+(const
FEL vector3f and int& lhs, const FEL vector3f and int&
rhs);

Add two items,usingFEL iblank combine() to computeint in result.
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Class: FEL vector4<T>

Description:

Public Member Functions:
FEL vector4();
FEL vector4(const T& d0, const T& d1, const T& d2,

const T& d3);
Initialize a 4 componentvector.

friend ostream& operator<<(ostream& strm, const
FEL vector4<T>& v);

Write to anostream.

void set(const T& d0, const T& d1, const T& d2, const
T& d3);

Accessvectorcomponents.

friend bool operator==(const FEL vector4<T>& lhs, const
FEL vector4<T>&;

friend bool operator!=(const FEL vector4<T>& lhs, const
FEL vector4<T>&;

Testfor equalityandinequality.

FEL vector4<T>& operator-=(const FEL vector4<T>& v);
FEL vector4<T>& operator+=(const FEL vector4<T>& v);
FEL vector4<T>& operator*=(const T& f);
FEL vector4<T>& operator/=(const T& f);
friend FEL vector4<T> operator-(const FEL vector4<T>&

v);
friend FEL vector4<T> operator+(const FEL vector4<T>&

lhs, const FEL vector4<T>& rhs);
friend FEL vector4<T> operator-(const FEL vector4<T>&

lhs, const FEL vector4<T>& rhs);
friend FEL vector4<T> operator*(float lhs, const

FEL vector4<T>& rhs);
friend FEL vector4<T> operator*(const FEL vector4<T>&

lhs, float rhs);
friend FEL vector4<T> operator*(double lhs, const

FEL vector4<T>& rhs);
friend FEL vector4<T> operator*(const FEL vector4<T>&

lhs, double rhs);
Do vectormath.

T* v();
Exposetheraw representationfor callsto librariesexpectingT*.

T& operator[](int i);
const T& operator[](int i) const;

Accessvectorcomponents.
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Typedefs:
FEL vector4<double>

FEL vector4d;

FEL vector4<float>
FEL vector4f;

FEL vector4<int>
FEL vector4i;
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Class: FEL vector8<T>

Description:
An 8 componentvector.

Public Member Functions:
FEL vector8();
FEL vector8(const T& d0, const T& d1, const T& d2,

const T& d3, const T& d4, const T& d5, const T& d6,
const T& d7);

Initialize a vector.

friend ostream& operator<<(ostream& strm, const
FEL vector8<T>& v);

Write to anostream.

void set(const T& d0, const T& d1, const T& d2, const
T& d3, const T& d4, const T& d5, const T& d6, const
T& d7);

Accessvectorcomponents.

T* v();
Exposetheraw representationfor callsto librariesexpectingT*.

friend bool operator==(const FEL vector8<T>& lhs, const
FEL vector8<T>&;

friend bool operator!=(const FEL vector8<T>& lhs, const
FEL vector8<T>&;

Testfor equalityandinequality.

FEL vector8<T>& operator-=(const FEL vector8<T>& v);
FEL vector8<T>& operator+=(const FEL vector8<T>& v);
FEL vector8<T>& operator*=(const T& f);
FEL vector8<T>& operator/=(const T& f);
friend FEL vector8<T> operator-(const FEL vector8<T>&

v);
friend FEL vector8<T> operator+(const FEL vector8<T>&

lhs, const FEL vector8<T>& rhs);
friend FEL vector8<T> operator-(const FEL vector8<T>&

lhs, const FEL vector8<T>& rhs);
friend FEL vector8<T> operator*(float lhs, const

FEL vector8<T>& rhs);
friend FEL vector8<T> operator*(const FEL vector8<T>&

lhs, float rhs);
friend FEL vector8<T> operator*(double lhs, const

FEL vector8<T>& rhs);
friend FEL vector8<T> operator*(const FEL vector8<T>&

lhs, double rhs);
Do vectormath.

T& operator[](int i);
const T& operator[](int i) const;

Accessvectorcomponents.
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Typedefs:
FEL vector8<double>

FEL vector8d;

FEL vector8<float>
FEL vector8f;

FEL vector8<int>
FEL vector8i;
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Class: FEL vertex cell

Description:
The FEL vertex cell classrepresentsvertices.FEL vertex cell inheritsalmostall
its functionalityfrom FEL cell.

Inheritance Hierarchy:
FEL cell �
FEL vertex cell.

Public Member Functions:
FEL vertex cell();
FEL vertex cell(int i, int j, int k);
FEL vertex cell(const FEL vector3i& i, int zn, const

FEL time& t);
FEL vertex cell(const FEL structured pos& sp);
FEL vertex cell(const FEL cell& c);

Initialize a vertex cell.

void set type(FEL cell type enum t);
short get subid() const;
void set subid(short si);
FEL vector3i get ijk() const;
int get ijk(int i) const;
void set ijk(const FEL vector3i& i);
void set ijk(int i, int j, int k);
int& operator[](int i);
const int& operator[](int i) const;
int get unstructured id() const;
void set unstructured id(int i);
int get zone() const;
void set zone(int z);

Accessthecell datamembers.

float get physical time() const;
float get computational time() const;
int get time step() const;
FEL time get time() const;
void set time(const FEL time& t);
void set physical time(float t);
void set computational time(float t);
void set time step(int t);
void set time undefined();

Accessthetimerepresentation.

int get dim() const;
Getthedimensionof thecell.

int get n nodes() const;
int get n vertices() const;
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Getthenumberof nodes,or thenumberof vertices.

bool simplicial() const;
Returntrueif thecell is a vertex, edge,triangleor tetrahedron.

FEL vertex cell& operator+=(const FEL vector3i& rhs);
FEL vertex cell& operator-=(const FEL vector3i& rhs);
friend FEL vertex cell operator+(const FEL vertex cell&

v, const FEL vector3i& ijk);
friend FEL vertex cell operator-(const FEL vertex cell&

v, const FEL vector3i& ijk);
Do mathwith theijk datamember.
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Class: FEL vertex cell iter

Description:

Inheritance Hierarchy:
FEL cell iter �
FEL vertex cell iter.

Public Member Functions:
bool done() const;

Testwhethertheiteratoris done.

const FEL cell& operator*();
Dereferencetheiterator.

void operator++();
void operator++(int);

Incrementtheiterator.

int get zone();
void set zone(int zn);

Accessthecell zone.

void set physical time(float pt);
void set computational time(float ct);
FEL time get time();

Accessthetimeof thecell.

int card() const;
Returnthenumberof cellsthatthis iteratoris initialized to produce(not supported
if theiteratoris initialized to loopovermulitiple zones).

void set time(const FEL time& t);
void set time step(int t);

Accessthetimeof thecell.
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Class: FEL x rotated mesh

Description:
Emulaterotatingameshaboutthex-axis.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL transformed mesh �
FEL rotated mesh �
FEL x rotated mesh.

Public Member Functions:
FEL x rotated mesh(FEL mesh ptr m, float a, char* nm =

"x rotated mesh");
Constructameshrotatedadegreesaboutthex axis.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL mesh ptr get zone(int) const;
Returna pointer to the zonespecifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;
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int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL y rotated mesh

Description:
Emulaterotatinga meshaboutthey-axis.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL transformed mesh �
FEL rotated mesh �
FEL y rotated mesh.

Public Member Functions:
FEL y rotated mesh(FEL mesh ptr m, float a, char* nm =

"y rotated mesh");
Constructa meshrotateda degreesaboutthey axis.

const char* get name() const;
void set name(const char*);

Accessthenameof this object.

FEL mesh ptr get zone(int) const;
Returna pointer to the zonespecifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingbox of mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locatea vertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof acell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Getameshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingbox of themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweena cell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;
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int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loopoverall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif at end.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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Class: FEL z rotated mesh

Description:
Emulaterotatingameshaboutthez-axis.

Inheritance Hierarchy:
FEL reference counted object �
FEL mutex reference counted object �
FEL mesh �
FEL transformed mesh �
FEL rotated mesh �
FEL z rotated mesh.

Public Member Functions:
FEL z rotated mesh(FEL mesh ptr m, float a, char* nm =

"z rotated mesh");
Constructameshrotatedadegreesaboutthez axis.

const char* get name() const;
void set name(const char*);

Accessthenameof thisobject.

FEL mesh ptr get zone(int) const;
Returna pointer to the zonespecifiedby the argument,with the samerotation
appliedasby this mesh.

bool inside bounding box(const FEL phys pos& p);
Returntrueif p is insideboundingboxof mesh.

int locate close vertex cell(const FEL phys pos&,
FEL vertex cell*) const;

Locateavertex closeto thegivenpoint.

bool cell has collapsed edge(const FEL cell&) const;
int volume of cell(const FEL cell&, double*) const;
int centroid of cell(const FEL cell&, FEL vector3f*)

const;
int longest edge length of cell(const FEL cell&, float*)

const;
int closest vertex of cell(const FEL phys pos&, const

FEL cell&, FEL vertex cell*) const;
Getgeometricpropertiesof a cell.

bool is multi mesh() const;
bool is curvilinear surface mesh() const;
bool is mesh() const;

Provide run-timetypedeterminationfor a few meshsubclasses.

bool is field() const;
Provide run-timetypedeterminationfor a few key FEL types

bool is structured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.
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void set(const FEL set keyword enum, int);
Seta meshparameter.

int get(const FEL get keyword enum, int*, int[], int =
FEL ZONEUNDEFINED) const;

Geta meshparameter.

int card(int k) const;
Getthecardinalityof k-cells.

int get bounding box(FEL vector3f*, FEL vector3f*, const
FEL time& = FEL time());

Gettheboundingboxof themesh.

bool on mesh(const FEL vertex cell& v) const;
Returntrueif v is valid vertex on themesh.

int get node index(const FEL vertex cell&) const;
void get node indices(const FEL cell&, int[]) const;

Gettheflat file indicesof cell vertices.

int adjacent cells(const FEL cell&, int*, FEL cell[])
const;

Returnthecellsadjacentto thefirst argument.

int decomposition cells(const FEL cell&, int*,
FEL cell[]) const;

Getthesimplicial decompositioncells.

int up cells(const FEL cell&, int, int, int*,
FEL cell[], int = -1) const;

int down cells(const FEL cell&, int, int*, FEL cell[])
const;

Returnincidentcells.

int int to cell(int i, int d, FEL cell* c, int s = -1)
const;

int cell to int(const FEL cell& c, int* i) const;
Convertbetweenacell c andits canonicalenumerationi.

int locate(const FEL phys pos& p, FEL cell* c) const;
int locate(const FEL phys pos& p, FEL cell&, FEL cell*

c) const;
int set interpolant(FEL cell interpolant*) const;
int set interpolant(const FEL cell interpolant&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant*) const;
int locate and set interpolant(const FEL phys pos&,

FEL cell interpolant&, FEL cell interpolant*) const;
Locateandsetinterpolant.

int coordinates at cell(const FEL cell&, FEL vector3f[])
const;



281

int coordinates at vertex cell(const FEL vertex cell&,
FEL vector3f*) const;

int coordinates at structured pos(const
FEL structured pos&, FEL vector3f*) const;

int iblank at cell(const FEL cell&, int[]) const;
int iblank at vertex cell(const FEL vertex cell&, int*)

const;
int combined iblank at cell(const FEL cell&, int*)

const;
int coordinates and iblank at cell(const FEL cell&,

FEL vector3f and int[]) const;
int coordinates and iblank at vertex cell(const

FEL vertex cell&, FEL vector3f and int*) const;
AccesscoordinatesandIBLANK.

int convert time(const FEL time&, FEL time representation enum,
FEL time*) const;

Convert time representation.

void begin(FEL vertex cell iter*) const;
Initialize avertex cell iteratorto loop overall thevertices.

void begin(FEL cell iter*) const;
Initialize a cell iteratorto loop overall thehighest-dimensioncells.

int begin(FEL cell iter*, int, ...) const;
int begin(FEL vertex cell iter*, int, ...) const;

Initialize aniteratorwith a seriesof keyword/valuepairs.

void end(FEL cell iter*) const;
Initialize aniteratorto testif atend.

bool is unstructured mesh() const;
Provide run-timetypedeterminationfor a few meshsubclasses.



282

Class: TSL base

Description:
TSL baseis designedto bea repositoryfor methodsanddatacommonto all task
synchronizationclasses.

Public Member Functions:
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Class: TSL mutex

Description:
TSL mutex providesa simple,spinningmutualexclusionlock.

Inheritance Hierarchy:
TSL base �
TSL mutex.

Public Member Functions:
void lock();

Acquirethelock.

void unlock();
Releasethelock.


